According to Barker's hypothesis, children born small for gestational age (SGA) are at increased risk for cardiovascular diseases in adulthood. The aim of our study was to determine whether retarded fetal growth is associated with dyslipidemia in childhood and, if so, to find predictive factors in the growth characteristics of SGA children. We studied the serum lipid concentrations of 55 SGA children and their 55 appropriate for gestational age control subjects at the age of 12 y. Growth variables were recorded at birth, 5 y, and 12 y of age. The study group consisted of all full-term SGA children born at our university hospital during a 22-mo period in 1984 -1986. Nearly half of the SGA children (47.3%) were in the highest quartile for serum total cholesterol of the appropriate for gestational age children (p ϭ 0.038). In multiple logistic regression analysis, poor catch-up growth in height (odds ratio, 13.8; 95% confidence interval, 2.0 -97.5), female sex (odds ratio, 8.1; 95% confidence interval, 1.3-48.9), and early stage of puberty (odds ratio, 7.5; 95% confidence interval, 1.2-46.5) predicted high cholesterol level in the SGA children. By the age of 5 y, 20 (36.4%) SGA children showed catch-up growth of Ն 2 SD scores in height, and 21 (38.2%) SGA children showed catch-up growth of Ն 2 SD scores in weight from birth. At the age of 12 y, the SGA children were still significantly shorter (p Ͻ 0.001) and lighter (p Ͻ 0.05) than the appropriate for gestational age children, even though their pubertal development was similarly advanced. In conclusion, to be born SGA has long-term consequences for later growth and may already influence the level of serum total cholesterol before the teens. SGA children with poor catch-up growth in height may be at the highest risk for hypercholesterolemia. (Pediatr Res 48: 623-628, 2000) Abbreviations SGA, small for gestational age AGA, appropriate for gestational age TC, total cholesterol PSEH, parent-specific expected height TG, triglycerides Serum lipids and lipoproteins are important determinants for the development of atherosclerosis and coronary heart disease. Previous studies have revealed that antemortem serum lipid values in children and young adults correlate significantly with atherosclerotic changes (1, 2). In addition, follow-up studies of children have shown that concentrations of serum total cholesterol tend to track for several years, and measurements obtained in childhood predict total and LDL cholesterol levels in adults (3-5).
According to Barker's hypothesis, children born small for gestational age (SGA) are at increased risk for cardiovascular diseases in adulthood. The aim of our study was to determine whether retarded fetal growth is associated with dyslipidemia in childhood and, if so, to find predictive factors in the growth characteristics of SGA children. We studied the serum lipid concentrations of 55 SGA children and their 55 appropriate for gestational age control subjects at the age of 12 y. Growth variables were recorded at birth, 5 y, and 12 y of age. The study group consisted of all full-term SGA children born at our university hospital during a 22-mo period in 1984 -1986 . Nearly half of the SGA children (47.3%) were in the highest quartile for serum total cholesterol of the appropriate for gestational age children (p ϭ 0.038). In multiple logistic regression analysis, poor catch-up growth in height (odds ratio, 13.8; 95% confidence interval, 2.0 -97.5), female sex (odds ratio, 8.1; 95% confidence interval, 1.3-48.9), and early stage of puberty (odds ratio, 7.5; 95% confidence interval, 1.2-46.5) predicted high cholesterol level in the SGA children. By the age of 5 y, 20 (36.4%) SGA children showed catch-up growth of Ն 2 SD scores in height, and 21 (38.2%) SGA children showed catch-up growth of Ն 2 SD scores in weight from birth. At the age of 12 y, the SGA children were still significantly shorter (p Ͻ 0.001) and lighter (p Ͻ 0.05) than the appropriate for gestational age children, even though their pubertal development was similarly advanced. In conclusion, to be born SGA has long-term consequences for later growth and may already influence the level of serum total cholesterol before the teens. SGA children with poor catch-up growth in height may be at the highest risk for hypercholesterolemia. (Pediatr Res 48: 623-628, 2000) Abbreviations SGA, small for gestational age AGA, appropriate for gestational age TC, total cholesterol PSEH, parent-specific expected height TG, triglycerides Serum lipids and lipoproteins are important determinants for the development of atherosclerosis and coronary heart disease. Previous studies have revealed that antemortem serum lipid values in children and young adults correlate significantly with atherosclerotic changes (1, 2) . In addition, follow-up studies of children have shown that concentrations of serum total cholesterol tend to track for several years, and measurements obtained in childhood predict total and LDL cholesterol levels in adults (3) (4) (5) .
Findings by have led to the "fetal origins" hypothesis, which suggests that hypertension, hyperlipidemia, and non-insulin-dependent diabetes are programmed by malnutrition in utero. Low growth rate during fetal life and infancy is associated with increased rates of death caused by cardiovascular diseases in adulthood (10 -12) . This association is seen in individuals born SGA rather than in those born prematurely (10) . Moreover, Barker et al. (13) have reported a relationship between small abdominal circumference at birth and increased serum concentrations of total and LDL cholesterol and apolipoprotein B in adulthood. However, there have been few reports on the relationship between low birth weight or retarded fetal growth and serum lipid concentrations in childhood (14 -16) .
Previous growth studies have indicated that children born SGA have many times higher risk of being short adults (Ͻ -2 SD score) than those born at normal size. Furthermore, 8% of children born SGA are still Ͻ -2 SD score at final height (17) (18) (19) . According to recent reports, birth length, i.e. the magnitude of fetal growth retardation, and target height, i.e. genetic influence, are the important predictors for catch-up growth and final height in children born SGA (19, 20) .
SGA was defined as birth weight and/or length and/or ponderal index Ͼ 2 SD score below the respective mean for the gestational age (22) . The ponderal index was calculated as [weight (g)/length 3 (cm)] ϫ 100. AGA was defined as birth weight, birth length, and ponderal index Ն Ϫ2 SD score and Յ ϩ2 SD score of the respective mean for the gestational age. Full-term was applied to babies born at or after wk 37 and before the 42nd wk of gestation (calculated from the beginning of the last menstruation). The gestational age of SGA babies was confirmed by the method of Dubowitz et al. (23) during the first 3 d after birth. If there was a discrepancy of 2 wk or more between the estimations, the Dubowitz assessment was selected. According to the prevailing recommendation by the Finnish Pediatric Society (24), hypercholesterolemia was defined as serum TC Ն 5.5 mM, or as LDL cholesterol Ն 4.0 mM. PSEH was calculated as determined by Pere et al. (25) , and body mass index according to the formula weight (kg)/ height 2 (m). Good catch-up growth was defined as growth that increased Ն 2 SD score, and poor catch-up growth was defined as growth that increased Ͻ 2 SD score, in height or in weight from birth by the age of 5 y.
Subjects
All children included in the present study were originally recruited in a prospective follow-up study evaluating the outcome of babies born to hypertensive mothers and that of preterm babies (26, 27) . The children were born at Kuopio University Hospital during the 22-mo period between April 1, 1984 , and March 31, 1986 (excluding July in 1984 and 1985 . During this period, there were 3790 live births. The follow-up study population comprised 621 children including all fullterm babies who were born SGA during this period. All 73 nonmalformed full-term SGA children (70 singletons and three twins) were included in the present study. Of the SGA group, five children could not be reached, one child was excluded because of a metabolic disease (Salla's disease), one child was excluded by age (12.8 y), and 11 were unwilling to participate in the study (Fig. 1) . Thus, 18 (24.7%) subjects of the original SGA children were excluded from the study. The majority of the SGA children who refused were unwilling to participate because of a fear of giving a blood sample, even though a topical local anesthetic cream (Emla, Astra, Södertälje, Sweden) could have been used. Each SGA child had as the control subject the next born full-term AGA child matched for sex. At the age of 12 y, 55 SGA children (20 boys and 35 girls) and 55 AGA control subjects participated in this study. The mean age (Ϯ SD) in both the study and the control group was 12.2 Ϯ 0.2 y. The study protocol was approved by the Research Ethics Committee of Kuopio University Hospital. Informed written consent was obtained from the child and the parents.
Procedures
Perinatal data. Perinatal data, e.g. birth weight, length, head circumference, and duration of gestation, had previously been obtained from hospital records. Birth weight, length, and head circumference had been measured in the delivery room immediately after birth. The birth measures were converted into SD score by plotting them on the growth charts and adjusting the birth measures for duration of gestation and sex (22) . The mean (Ϯ SD) gestational age was 39.0 Ϯ 1.4 wk in the SGA group and 39.7 Ϯ 1.5 wk in the AGA group (p ϭ 0.007). The perinatal characteristics of the SGA and AGA groups are shown in Table 1 . The mean birth measures of those who had dropped out of the study did not differ from those of the participating SGA children. Of the 55 SGA children studied, retarded intrauterine growth was classified as asymmetrical (birth weight or birth length or ponderal index Ͻ -2 SD score) in 25 cases and symmetrical (birth weight and birth length Ͻ -2 SD score) in 30 cases.
Anthropometric measures and pubertal development. At the ages of 5 and 12 y, height was measured with a calibrated Harpenden stadiometer and recorded to the nearest 0.1 cm, and weight was recorded to the nearest 0.1 kg. Height was converted to SD score and weight to percentages in relation to the mean weight for height by using the current Finnish reference values for height and relative weight (Pegasos V 3.9.2, Pediatric Research Foundation, Helsinki, Finland). Weight at the age of 5 y was also converted to SD score by using the data from the official national growth-chart material. Head circumference was measured with a metal measuring tape as the maximum circumference between the supraorbital ridge and the occiput. A complete physical examination was performed for all children by one of the authors (S.T. or E.R.). Thicknesses of the subscapular and triceps skin-folds were measured three times with a Harpenden skin-fold caliper and recorded to the nearest 0.2 mm. The mean value was used in the analysis. Pubertal stage was defined according to the Tanner scale (28, 29) . Pubertal stages were further classified into two classes according to the Tanner scores by counting pubic hair and breast scores for girls and pubic hair and genital scores for boys (prepuberty or early stage of puberty; scores of Յ 4, late stage of puberty; scores of Ն 5). Information on parental heights was obtained by a questionnaire, with the exception of missing data for one mother and six fathers.
Socioeconomic classification. Socioeconomic class was determined on the basis of parental occupation and was coded using the scale presented by the Central Statistical Office of Finland in 1989 (30) . Six occupational classes were used in the study ( Table 2 ). The higher occupation of the parents was used as the socioeconomic status of the household. Social classes were further classified into two classes: high (I-IV) and low (V-VI). No statistical difference was found in social classes between the SGA and AGA groups (p ϭ 0.134).
Laboratory methods. After an overnight fast, blood samples were taken from the antecubital vein with the subject lying recumbent. Serum TC and HDL cholesterol were measured enzymatically by an automatic photometric method (Boehringer Mannheim, Mannheim, Germany). For TC, the interassay coefficient of variation was 3.1% at 4.0 mM, whereas for HDL cholesterol the interassay coefficient of variation was 4.1% at 0.84 mM and 3.8% at 1.69 mM. Serum TG were analyzed enzymatically (Boehringer Mannheim), and the interassay coefficient of variation was 1.6% at 2.45 mM and 3.2% at 1.23 mM. LDL cholesterol concentrations were calculated by the Friedewald-Fredrickson formula [LDL cholesterol ϭ TC -(HDL cholesterol ϩ TG/2.2)] (31).
Data analysis. Data were analyzed using the SPSS for Windows statistical package (version 7.5, SPSS Inc., Chicago, IL, U.S.A.). All continuous variables were examined for normality with the Kolmogorov-Smirnov test. Because the data were based on matched pairs (SGA children versus AGA children) and some of the variables were distributed nonnormally, Wilcoxon matched-pairs signed rank test was used to compare the means. The Mann-Whitney test was used when the lipid variables of SGA girls and SGA boys were compared. The McNemar test was used to compare the dichotomous variables of the SGA and AGA children. Because some variables were distributed nonnormally, confidence intervals were calculated using a critical value from the t distribution. A significance level of p Ͻ 0.05 was used for all analyses. In the multiple logistic regression analysis, the TC variable was dichotomized in the group of the SGA children; as the cut-off point, we used the TC level of the 75th percentile of the AGA control subjects. The variables included in the multiple logistic regression analysis were sex, pubertal stage, catch-up growth in height and in weight, and social class. Pubertal stages and social classes were recoded into two classes as described earlier.
RESULTS
Growth characteristics at the age of 5 y. During this evaluation the mean (Ϯ SD) age of the children was 5.0 Ϯ 0.1 y in both the study and the control groups. At the age of 5 y, the SGA children were significantly shorter and lighter, expressed in SD score, than the AGA children (p Ͻ 0.001), and their body mass index was also lower than that of the AGA children (p ϭ 0.001). Twenty (36.4%) SGA children had experienced Ն 2 SD score catch-up growth in height, and 21 (38.2%) SGA children had caught-up Ն 2 SD score in weight from birth to the age of 5 y. Four (7.3%) SGA children remained short (Ͻ -2 SD score) at 5 y of age. Anthropometric measures at the age of 12 y. At 12 y of age, the SGA children were still significantly shorter and lighter and had smaller head circumference than the AGA children, even when boys and girls were analyzed separately. The SGA children were also thinner in terms of body mass index and subscapular and triceps skin-folds (Table 3 ). In addition, the mothers of the SGA children were significantly shorter than those of the AGA children (Table 1) . Thus, PSEH was lower in the SGA children than in the AGA children (Table 3) .
Pubertal development. Pubertal development did not differ between the SGA and the AGA children (p ϭ 0.819). In the former group, 26 (47.3%) children and, in the latter, 25 (45.5%) children were prepubertal or in early puberty (as defined in the "Methods"). Of those SGA children who were prepubertal or in early puberty, 10 (28.6%) were girls and 16 (80.0%) were boys. In the AGA children, the numbers were eight (22.9%) and 17 (85.0%), respectively. In both the SGA and AGA groups, nine of the girls (25.7%) had menstruated.
Serum lipid concentrations. Twenty-six (47.3%) SGA children had their serum TC concentration and 25 (45.5%) their LDL cholesterol concentration in the highest quartile of that of the control group (Table 4) . However, mean serum TC, LDL, HDL cholesterol, or TG concentrations did not differ significantly between the SGA and AGA children (Table 5) . When boys and girls were analyzed separately, the SGA girls had significantly higher mean TC concentration than the AGA girls did (p ϭ 0.024). The SGA girls also had significantly higher mean TC concentration than the SGA boys (p ϭ 0.047). Hypercholesterolemia was confirmed in eight (14.5%) SGA and five (9.1%) AGA children. Of these hypercholesterolemic children, four SGA children and one AGA child also had high concentration of LDL cholesterol.
Factors associated with high TC levels in the SGA children. Female sex, poor catch-up growth in height by 5 y of age, and pre-or early pubertal stage at 12 y of age were associated with high TC level in the SGA children (Table 6 ). All the factors included in the multiple logistic regression analysis are shown in Table 6 . Female sex increased by 8.1-fold the risk of an SGA child having a TC concentration Ն 4.8 mM. Pre-or early pubertal stage at 12 y of age increased by 7.5-fold the risk of high TC level. The SGA children with poor catch-up growth in height were at a 13.8-fold risk of having high level of TC. In this multiple logistic regression model, catch-up growth in weight or social class did not affect the risk of an SGA child having high TC level. The results of the logistic regression analysis did not change, even though catch-up growth in height and in weight were covariates that were analyzed separately in the model. The results did not change even when maternal height and gestational age were used as covariates in the analysis.
DISCUSSION
The present study revealed that the high levels of TC, which exceeded the limit of the 75th percentile of the AGA children, were significantly more common in the SGA children at the age of 12 y. However, the mean concentrations of serum lipids did not differ between the two groups. In multiple logistic regression analysis, the factors that predicted high TC level in the SGA children were poor catch-up growth in height, female sex, and pre-or early pubertal stage at the age of 12 y. The SGA children were leaner and shorter than the AGA children at both 5 and 12 y of age, even though their pubertal development was the same as that of the control subjects.
We were able to study 75.3% of the original SGA subjects, which is a relatively good percentage 12 y after birth. The advantage of the present study is the case-control setting, in which the SGA children were carefully matched by age and their pubertal development advanced similarly to that of their control subjects. The term SGA has no generally accepted standard definition. The definition of SGA can be based on birth weight, height, or both, and the cut-off limits for defining SGA can be -2 SD score, or the 3rd, 5th, or 10th percentile for gestational age (18, 19) . SGA has more often been defined in terms of birth weight than in terms of birth length. In the present study, we accepted four definitions: weight (n ϭ 20), length (n ϭ 4), weight and length (n ϭ 30), or ponderal index (n ϭ 1) Ͼ 2 SD score below the mean for the gestational age. The discrepancy in the definitions of SGA causes differences in the study populations in SGA studies.
At the age of 5 y, 7.3% of our SGA children remained short (Ͻ -2 SD score). Albertsson-Wikland et al. (32) showed that 5% of girls and 11% of boys born SGA had height Ͻ -2 SD score at 4 y of age, which is quite similar to our finding at 5 y. According to recent reports, target height is known to be an important predictor for catch-up growth and final height in SGA children (19, 20) . However, PSEH of our SGA children was slightly lower than that of the control subjects owing to the shortness of the mothers of the SGA children. Thus, it is possible that some of the SGA children were originally just short genetically and not really growth retarded during intrauterine life. To avoid the possible influence of pubertal growth spurt already at 12 y, and because catch-up growth occurs mainly during the first years of life (32), we estimated catch-up growth by the age of 5 y. In previous reports, catch-up growth has usually been defined as an increase in height Ͼ -2 SD score or the 3rd percentile (32) (33) (34) . For statistical purposes, we used a 2 SD score increase in height as the limit for good catch-up growth. Thirty-six percent of the SGA children passed this limit.
The timing of puberty was very similar in the SGA and AGA groups. This agrees with a Swedish study, in which the authors concluded that puberty is not delayed in children born SGA (32) . Furthermore, concentrations of serum TC and LDL cholesterol may have a decreasing trend during puberty (35) . Consequently, it is unlikely that the differences we detected in the serum lipid concentrations can be explained by differences in pubertal development because the pubertal development was similarly advanced in our SGA and control groups.
Previous data concerning the relationship between low birth weight or fetal growth retardation and serum lipids or lipoproteins in childhood are very limited. Donker et al. (14) reported that low birth weight was associated with elevated serum TG concentration in 7-to 11-y-old American children, whereas Antal et al. (15) found no association between birth weight and serum lipid concentrations in 14-to 16-y-olds born with low and normal birth weight. In these studies, the subjects were of varying gestational ages, including also preterm subjects. In addition, they represented different stages of pubertal development at the time of the study. Because of these aspects, the previously mentioned studies are not directly comparable to each other or to the present study. In a recent retrospective Finnish study of men born in 1924 -1933 in Helsinki, the highest death rates caused by coronary heart disease were seen in boys who were thin at birth and whose weight caught up so that they had an average or above-average body mass index from the age of 7 y onward (36) . In the present study, we found no association between body mass index at 5 or 12 y of age and serum lipid concentrations, nor did catch-up growth in weight increase the risk of high TC level in the SGA children. However, our results indicated that poor catch-up growth in height increased the risk of high TC level nearly 14-fold in the SGA children at the age of 12 y, compared with those SGA children who had good catch-up growth in height.
Hypercholesterolemia, as defined in our population, was found in 13 children (12%) in the whole study population. Although this sample was selected, the prevalence of hypercholesterolemia was high. Mean TC concentration was 4.58 mM in the SGA group and 4.33 mM in the AGA group, whereas LDL concentrations were 2.85 mM and 2.62 mM, respectively. Between 1980 and 1992, mean TC levels have decreased from 4.88 to 4.47 mM and LDL cholesterol levels from 3.06 to 2.85 mM in Finnish children and young adults (37) . Thus, the mean TC and LDL cholesterol concentrations of our study population were in accordance with the recent levels observed in the Cardiovascular Risk in Young Finns Study in 1992. Not only neonatally increased morbidity and mortality, but also short stature in adulthood and increased prevalence of cardiovascular diseases later in life may be problems of children born SGA. The underlying mechanisms linking retarded fetal growth with cardiovascular diseases have not yet been recognized. It has been suggested that the endocrine axes are programmed by retarded intrauterine growth during critical phases of fetal development (11) . In conclusion, to be born SGA has long-term consequences in later growth and may already influence the level of serum TC before the teens. SGA children with poor catch-up growth in height may be at the highest risk for hypercholesterolemia.
